The synthesis of oligothymidilic acids, (dT)m (where m 4, 7, 10, 13, 16, 19, 22, and 25), was carried out using a solid phase approach in combination with the modified phosphotriester methodology developed in solution.
INTRODUCTION
The synthesis in solution of oligodeoxynucleotides of defined sequence by a modified phosphotriester method has been shown to be very successfull and its effectiveness demonstrated in the chemical synthesis of genes for human insulin . The use of protected trideoxynucleotides as building blocks '3 and the application of high performance liquid chromatography (h.p.l.c.) as a purification tool have dramatically increased the speed by which the synthesis of DNA fragments, 12-15 bases long, can be carried out. However, the synthesis of the trinucleotide building blocks on a large scale, required to maintain a complete "codon" library, is a time consuming and costly process. Therefore a method which allows us to reduce the amount of trimer used in each elongation step is highly desirable. A way to reduce the losses of nucleotidic material and avoid the time consuming purification of intermediates, would be the synthesis of the oligonucleotides on a solid polymer.
Several approaches to the synthesis of DNA fragments on a solid support have been published (for revLew see 4, 5 reported. 9 We describe here the synthesis of homo-and heterooligodeoxynucleotides on cellulose using the modified phosphotriester methodology and trideoxynucleotides as building blocks.18
RESULTS AND DISCUSSION Cellulose was chosen as the solid support because of its inherent polarity, its well known swelling properties in polar solvents (i.e. pyridine) and its mechanical stability.
The polymer was functionalized by reacting the cellulose with the dimer 5'-O-p-chlorophenylphospho-2' (3' )-Oacetyluridilyl-[2' (3' )-3']-5'-0-dimethoxytritylthymidine p-chlorophenylester (7b). 
SCHEME
The synthesis of (7b) is outlined in Scheme 1 and i ts features provide the following advantages:
A) It can be synthesized from easily available starting materials.
B) Couplinig of the phosohodiester function to the cellulose with TPSTe10
provide the attachment of (7b) to the polymer (see experimental part). C) Deblocking of dimethoxytrityl group (DMT) from the deoxy-moiety in acidic medium affords the corresponding 5'-hydroxyl derivative for the subsequent coupling step; therefore chain extension of the oligomer on the cellulose occurs in the more favorable 3'-5' direction.
D) The release of the synthesized oligonucleotide from the polymer is simple, fast, and essentially complete under the conditions used for the removal of the base-labile protecting groups of the oligonucleotidic chain. The aqueous concentrated ammonia hydrolyzes the acetyl group of the uridine used as anchoring group . Subsequent nucleophilic attack of the free 2'(3')-hydroxyl group on the phosphate moiety triggers the release of the oligonucleotidic chain with a free 3' end (scheme 2). H.p.l.c. analysis of the products showed that the major co-products were due to incomplete chain elongation. Small quantities of side products that could not be accounted for are probably due to direct reaction of the trimer (9) with the hydroxyl groups of the cellulose or chain degradation dT,3 dTO6 dT19 dT22dT25
Bz iBu iBu Bz iBu Bz DMT-A p G p G p (13) and DMT-A p G p A p (14) , where p = p-chlorophenylphosphate.
The trimners (12), (13) , and (14) were prepared from the corresponding fully protected derivatives 2,3 by removal of the cyanoethyl group from the 3'-terminal phosphotriesters with Et 3N-Py-H20 (1:3:1 v/v).
The three cycles were carried out under the same conditions as described in the synthesis of oligothymidilic acids. Scheme 3 outlines the synthesis of (16) In the synthesis of an oligonucleotide 13 bases long with trinucleotides of different sequence, the yields per coupling were lower than the ones i n the synthesis of homopolymers CdT) . However, no base specificity has so far been observed.
MATERIALS AND GENERAL PROCEDURES
Analytical grade reagents were used throughout this synthetic study. Pyridine was dried over KOH, distilled, and stored over molecular sieves (type 4A). Thin 2' (3' )-0-Acetvluridine-'-0-2-cyanoethyi-p-chlorophenylphosphate (5) .
Uridine, (1), (61 mmole) was suspended in a solution of anhydrous THF (200 ml) containing trimethyl orthoacetate (125 mmole) and anhydrous benzenesulfonic acid (BSA) (0.6 g)13. After stirring at 25.C for ten minutes under exclusi on of moisture, the solution had become clear. TLC showed complete conversion of uridine i nto a new compound with higher R The reaccion was quenched by addition of methanol saturated with NH3 (5 ml) and the solvents removed under reduced pressure. The oily residue was dissolved in CHC13 (300 ml) and extracted with saturated aq. NaHCO3 solution (150 ml) and water (150 ml). The organic layer was dried (MgSO4 ) and evaporated to dryness. Without further purification, 2' ,3'-0-methoxyethylideneuridine (2) (ca. 60 mmole) was dissolved in anhydrous acetonitrile (200 ml) containing l-N-methylimidazole (200 mmole). The solution was chilled (ice-water) and freshly prepared 2-cyanoethyl-p-chlorophenylphosphorochloridate2'14 (90 mmole) in CH 3CN (25 ml) was added dropwise over a 45 minute period.
The solution was then left to warm up to room temperature. TLC analysis showed virtually complete phosphorylation of (2).. The solvent was removed under reduced pressure, and the residual oil partitioned between CHCl3 (200 -ml) and aq. NaHCO3 (150 ml). The CHCl3 layer was washed with water (150 ml) and then concentrated to a small volume (50 ml). This solution was triturated twice with pentane (500 ml) to remove most of the l-N-methylimidazole. The product obtained ( 2) was treated with 80% aqueous acetic acid (200 ml-) at room temperature for 10 minutes. Finally, the acetic acid was removed under reduced pressure by coevaporation with absolute ethanol. TLC of the glass residue showed only one product. Purification of (5) was performed on a silica gel column (150 g). After washing with CHC13 the pure product was eluted with a solution of MeOH in CHCl3
(1 to 4% v/v). The fractions containing the product were pooled and concentrated to a small volume. Precipitation of (5) 
5' -0-Dimethoxytritylthymidine-3' -0-2-cyanoethyl-p-chlorophenylphosphate (7.0 mmole) was treated with a solution of triethylamine/pyridine/water (1:3:1 v/v) (50 ml) at room temperature for 25 minutes. The phosphodiester derivative (6) so obtained was dried by coevaporation with anhydrous pyridine (3 x 25 ml). 2'(3')-0-Acetyluridine-5'-0-2-cyanoethyl-p-chlorophenylphosphate (5) (6.6 mmole) was added to derivative (6) and the mixture dried again with pyridine (30 ml). TPSTe (10.5 mmole) in anhydrous pyridine (50 ml) was added to this solution. The reaction mixture was kept in vacuo and protected from the light for 16 houirs. The reaction was stopped by addition of water, and the solvents removed under reduced pressure. The residual material in CHC13 (250 ml) was extracted with aqueous NaHCO3 (100 ml), and then washed with water (100 ml). The To confirm the release mechanism, this compound (7a, 10 mg) was treated with conc. aqueous ammonia/pyridine (9:1 v/v; 2 ml) for 30 minutes at 600 C TLC analysis showed a complete degradation of (7a) into a baseline material and a compouind containing the DMT group. This latter compound was identified as 5'-DMT-thymidine (TLC). Removal of DMT with 2% BSA gave a compound identical to thymidine.
Functionalization of cellulose with (7b)
The fully protected dimer (7a) was treated with a solution of pyridinetriethvlamine-water (3:1:1 v/v) (20 ml) at room temperature. After 25 minutes, TLC showed complete conversion of (7a) into its phosphodiester derivative (base-line material (7b)). The latter material was dried by coevaporation with pyridine (3 x 15 ml) and then reacted with dry cellulose (Whatman CC 31) (0.7 g) in anhydrous pyridine (3 ml) in the presence of TPSTe (0.28 g). The mixture was stirred overnight (16 hours) at room temperature. The polymer was then filtered (sintered glass filter M) and washed with dry pyridine. The filtrate was stored for the recovery of unreacted dimer (7b). The cellulose was washed extensively with MeOH (60 ml) and dried in a dessicator over KOH. The extent of coupling of (7b) to the polymer was determined by treating a sample of cellulose (8, 10 mg) with 2% BSA in CHC1 3-MeOH (7:3 v/v) (2 ml) at 00C for 10 minutes. After centrifugation of the solid particles, the absorbancy of the released DMT group was measured at 494 nm. A standard curve was obtained by using different amounts of 5'-0-dimethoxytrityl thymidine in 2% BSA stock solution. From the data obtained, we calculated an average incorporation of ca 100 pmoles dimer (7b) per g cellulose.
Another sample (8, 10 mg) was treated with conc. aqueous ammonia for 8 hours at 600C. The polymer was centrifuged off and the supernatant concen-trated to dryness. The residual material was dissolved in CHC1 (1 ml) . 
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and analyzed by TLC. The only product detected was 5'-0-dimethoxytrityl thymidine.
Treatment of the chloroform solution with 4% BSA in CH3 OHCHCl3 (1 ml) gave thymidine and DMT residue. From the total amount of DMT (494 nm) we calculated that the ammonia treatment had released ca 95% of the 5'-0-DMT-thymidine from the polymer.
Synthesis of oligothymidilic acids, (dT)m (m=4,7,10,13,16,19,22, and 25).
The functionalized polymer (8, 100 mg; 9.7 pmole of dimer) was first treated with 2% BSA in CHCI3/MeOH (7:3 v/v, 10 ml) at 00C for 10 minutes as described above. After washing the polymer on the filter with methanol (50 ml) the cellulose was dried by flushing with anhydrous pyridine (20 ml) The trimer (9) (50 p moles) was mixed with the polymer in a 10 ml roundbottom flask. The mixture was dried by coevaporation with pyridine (2 x 5 ml) and finally resuspended in anhydrous pyridine (1.0 ml). TPSTe (75 mg) was added quickly and the reaction mixture kept in vacuo. After two hours of continuous stirring, pyridine (2 ml) was added to the reaction vessel and the polymer recovered by centrifugation. The supernatant was collected separately for the recovery of excess trimer (9) . The polymer so obtained was resuspended in a solution of pyridine-acetic anhydride (10:1 v/v, 1 ml) and stirred for 30 minutes. After washing the cellulose on a filter with pyridine (8 ml) and methanol (30 ml), the polymer was ready for the next coupling step (see Table 1 ).
The following cycle: a) deblocking of DMT group from the polymer with BSA, b) coupling of the polymer so obtained with trimer (9) in pyridine containing TPSTe, and c) acetylation of the resulting polymer with pyridine/Ac20 was repeated seven more times under the same conditions.
Release of the oligonucleotides from the polymer and removal of protecting groups.
The polymer (10, n=1-8, 10 mg) suspended in pyridine (0.5 ml) was treated with concentrated aqueous ammonia (4 ml) at 600C for (16) .
The functionalized polymer (8, 125 mg) was treated with 2% BSA as desc-ibed above and uised for the synthesis of the 13-base long oligonucleotide of defined sequence (16) and DMT-A p G p A PO (14) , where p = p-chlorophenylphosphate. fig. 5 ). Furthermore, two-dimensional sequence analysis of the partial venom phosphodiesterase digest of (16) confirmed the expected sequence ( fig. 4) Pmole) and TPSTe was dried by coevaporation with pyridine (2x2 ml). 3'-0-Anisoyl-2-N-isobutrylguanosine (14 mg, 29 pmole) was added and the mixture dried by coevaporation with pyridine (2x2 ml). Additional TPSTe (50 mg) was added, and the reactants dissolved in pyridine (1 ml). The reaction mixture was kept in vacuo for 6 hours.
TLC analysis showed complete conversion of the nucleoside into the product tetramer. This latter compound was purified on a silica gel column and obtained as a homogeneous solid after precipitation from petroleum ether (23 mg).
C. Reuse for solid-phase synthesis.
The pyvidine solution (3 ml) recovered from a coupling step containing the trimer DMT-Tp Tp0Tp0 (9, 
